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ABSTRACT

Bombing cases are the second most frequent means of attack in the
Southern Thailand’s insurgency. Improvised explosive devices or IEDs are made from
household items, and the assembling process usually results in the deposition of touch
DNA on the IEDs. However, STR typing from touch DNA mostly results in low success
rates due to the low amount of DNA available and our inability to locate areas where they
have been deposited. To solve this problem, six fluorescent DNA-binding dyes were
evaluated at various concentrations to find the most efficient dye for touch DNA
visualization that could also be used with direct PCR to increase success rates of STR
typing from IED substrates. | found that SYBR® Green | at 0.9X and Diamond™ dye at
1.4X concentration were the two most efficient dyes. STR profiles from stained samples
were investigated and indicated that Diamond™ dye inhibited PCR and resulted in fewer
alleles when compared to SYBR® Green I; thus 0.9X of SYBR® Green | was chosen for
further testing. The prepared SYBR® Green | dye was stable up to 24 h when stored in
-20°C. Ten mock IEDs were constructed and investigated either using the developed
method (visualization and direct PCR) in our laboratory or with the conventional method
at a forensic police laboratory. The results showed that developed method produced
significantly more alleles from the IED’s constructor (95% HDI: 0.7 to 10.0 alleles) and
led to a decrease in non-donor’s allele. Moreover, the fluorescence level was directly
correlated to the number of alleles obtained. The developed method has the potential to

transform the way forensic scientists work with evidence potentially containing touch DNA.
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oo
CH GH,).N(C
PO-PRO-1 A L \= NERNEg s Intercalation | 435/455 | 0.39 No ND [51-53]
|
CH3
o - +
@ />—CH:CH =CH :<3N(CH2)3NtCH3]3 .
PO-PRO-3 N+ - = Intercalation 539 / 567 0.57 No ND [53, 54]
CHS 21
TO-PRO o = .
@[ »—CH N(CH,,},N(CH)s
Cyanine Family YO-PRO-1 N+ Intercalation 491 / 509 0.44 No ND [53, 54]
CH _
(monomer) * 21
o N N (CHy)y
YO-PRO-3 NN N (CHECH) Intercalation | 612/ 631 0.16 No ND [63, 54]
chf {CH=CH)
S o] +
@EN,}—CH N(CH, )y N(CH, )y
TO-PRO-1 Ut Intercalation 515/ 531 0.25 No ND [53, 54]
CH, 2I
3
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= —
@ />—CH:CH—CH N{CHQJSI\T(CH3)3
TO-PRO-3 N Intercalation 642 / 661 0.1 No ND [53, 54]
CH‘,3 21
Qs Z N N CH
TO-PRO-5 A~ Intercalation | 747 /770 ND No ND [53, 54]
H!é 2r
f\ﬂi,}—r.‘ _“:rlh-"lrar:Hl:H
JO-PRO-1 e w Intercalation | 530/546 | 0.38 No ND [53, 54]
R W T T N
POPO-1 @i{?_ AN 2.@:..»‘7{\?:@ Intercalation | 434 / 456 0.6 No ND (53, 54]
CHy 3 i CHy
POPO-3 [ j-eered Do eI | Intercalation | 534 /570 | 0.46 No ND 53, 54]
BOBO-1 [ o= et et e D= )| intercalation | 4627481 | 0.22 No ND [53, 54]
TOTO Family .
(dimer) BOBO-3 @* :Q}“@ Intercalation | 570 / 602 0.39 No ND [53, 54]
YOYO-1 @Eﬁ‘ C“8‘°”2'3'2;‘°”2’3‘25;°H2’38“”_?2@ Intercalation | 489 /509 | 0.52 No ND [53, 54]
YOYO-3 @*88‘*3@ Intercalation | 612/ 631 0.15 No ND 53, 54]
TOTO-1 @,?‘ C“78‘%&-EJScCHz)S—g;(CHQJSB‘CH‘S‘N:© Intercalation | 514 / 533 0.34 No ND [63, 54]
CH3 e CH3
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TOTO-3 8 <3© Intercalation | 642 / 660 0.06 No ND (53, 54]
—\
JOJO-1 & Intercalation 529 / 545 0.44 No ND [53, 54]
LOLO-1 Intercalation 565 / 579 0.40 No ND [53, 54]
SYTO Blue
420-455/
(SYTO 40- ND Intercalation ND Yes ND [54, 55]
441-484
45)
SYTO
Green 485-521 /
ND Intercalation 0.08-0.76 Yes ND [54, 55]
(SYTO 9-16, 498-556
18, 20-25)
SYTO
Orange 528-567 /
ND Intercalation ND Yes No / ND [54, 55]
(SYTO 80- 544-583

86)
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SYTO Red K
N e e 599-657 /
(SYTO17, T (CRR=CRM O Intercalation 0.16-0.39 Yes ND [54-56]
619-678
59-64) (1A)
SYTOX
ND Intercalation 445/ 470 ND No ND [54, 57]
Blue
SYTOX Hal\ O | Intercalation,
HoN=C N O t 504 / 523 0.53 | No (live cell) ND [54, 58]
SYTOX Green I _2N ’ Electrostatic
20l 2
SYTOX
ND Intercalation 547 |/ 570 0.9 No ND [54, 59]
Orange
SYTOX Red ND Intercalation 640 / 658 ND No ND [54, 60]
e
. 7 / N/\/\N/ . [54’ 61!
PicoGreen | Intercalation | 502 / 523 0.53 No ND
§7IN- 62]
N/
|
[54, 63,
SYBRGold ND Intercalation 495 / 537 0.6 0.66 ND
Other 64]
/@ Intercalation,
ZN
SYBRGreen AN~ Electrostatic,
\ 494 | 521 0.8 Yes ND / No [50, 54]
I 73N K‘ Minorgroove
@ binding
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SYBRSafe : Intercalation 502 / 530 >0.2 Yes No / Very low | [54, 65]
Ethidium Yes / Yes
Intercalation 520 / 600 0.26 No [50, 66]
bromide (strong)
Propidium [54, 63,
Intercalation 535/ 617 0.13 No Yes / Yes
iodide 67]
Phenanthridine
o _HH;
o [ If o
.-J"x"‘_-. .-'H .ﬂ_.rL - ~ 'J' ¥
Ha ™ s [ : v
3 ]
GelRed e Intercalation 302 / 590 ND No No / No [50]
=~ NH;
e _..--J-,C:x._ - |" o
L0
”:N.-' ‘-Q__,#['x_[:aN o -.___,.-"L-\INIH
[
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Hexidium
Intercalation | 518/ 600 ND Yes ND [54, 67]
iodide
Dihydro-
Intercalation 518 / 605 ND Yes No / Yes [67]
ethidium
Ethidium
H.N
homodimer- | *
NE + Intercalation 528 / 617 ND No ND [54, 67]
1 (CHz)aNHECHchENHE[CH
4Cl
(EthD-1)
Ethidium HN O O H, i
homodimer- TNE o oH, 3 Intercalation 535/ 624 ND No ND [54, 67]
O (BHp)3—N — (CH, ), =N —
2 (EthD-2) g oA
41
.
|N| NH
Ethidium :
. a Intercalation 520 / 600 0.75 No Yes / Yes [67-70]
Monoazide "
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Acridine

Acridine

A O Intercalation, Yes (weak) / | [67, 71,
z 500 / 525 0.15 Yes
GH_ )N N o
Orange ey e Mg Electrostatic ND 72]
Acridine
Intercalation 431/ 498 ND No Yes / ND [67]
Homodimer
[13, 67,
ACMA Intercalation | 419/ 483 0.6 ND Yes / Yes
73]
GelGreen Intercalation 500 / 530 ND No No [50]
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Indole and

Imidazole

H;C_ ~
N 3HCI
Hoechst K, N N Minor groove
@ »—QN 350/461 | 0.38 Yes ND/Yes | [63, 67]
33342 N N binding
H
OR
HJC\ /\
N
Hoechst LUN N i Minor groove
Bisbenzimi- (j @N 352 / 461 0.42 Yes ND/Yes | [63, 67]
33258 N NJ\Q binding
H
dazole OR
derivatives HiCon ™ "
~_-N | .
Hoechst ) H Minor groove
(Hoechst) \@"'-N%T"h}\ ~ 392 / 440 ND Yes ND / Yes [67]
34580 Z~N Y j[ o binding
= 3HCI R “'r:{" 3
CH;
Q. N,
Ho [ % Minor groove
Hoechst ~
Hel NI\/FN . " N 355 / 495 ND Yes ND / Yes [67]
TN bindin
S769121 L g
H HEI
4,6- N N «oHcy | Intercalation,
diamidino-2- DAPI 2 H O NH, Minor groove | 358 / 461 0.34 Weak No / Yes [74]
phenylin-dole NH binding
NH
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Other

- 0 0
2 K )\\/N"{
7-AAD \ <:k)\}\ ong N 1i>
(7- N‘*‘&o o MNH O~y M N
g rj o NH 0 o ;él\( ﬁo Intercalation 546 / 647 0.05 Weakly ND [67, 75]
Aminoactino \\\( 0
. \\ Y N, NH;
-mycin D) N o o
309, 419,
RedSafe ND Unknown ND Yes No [50]
514 / 537
Diamond™ External
ND 494 / 558 ND Yes Weak [50]
Dye binding
EvaGreen™ QMN\AJ\N\/\ J| Intercalation 500 / 530 ND No Low / No [76]
. EvaGraen (o

(QY @@ Quantum yield uaz ND @a hid

v

VDUR)
U
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ARTICLE INFO ABSTRACT

Keywords:

Touch DNA

Improvised explosive devices (IEDs)
Direct PCR

Improvised explosive devices (IEDs) are used for terrorism worldwide. Bomb assemblers could leave touch DNA
on [ED surfaces but most result in low STR typing success rate. Part of this is due to being unable to locate touch
DNA on the evidence. In order to solve this problem, we investigated the efficiency of three fluorescent dyes to
locate touch DNA on the two IED substrates (PVC pipe and electrical tape). Different areas with high and low

touch DNA concentrations were distinguishable. Afterward, the stained samples were amplified by using direct
PCR. The results showed that it was possible to obtain a high partial profile from a sample that had been touched
for 15-30 5. The developed method (reagent, light source, and direct PCR) has the potential to transform the way
forensic scientists work with evidence potentially containing touch DNA.

1. Introduction

Improvised explosive devices are used by terrorists worldwide.
Touch DNA from bomb assemblers usually yields low success rate due
to the inability to locate the areas where DNA has been left [1]. Pre-
vious studies showed that touch DNA and other biological fluids could
be stained with a fluorescent dye but STR typing was unsuccessful be-
cause the dyes interrupt DNA extraction and other processes [2,3]. In
this study, we therefore investigated the efficiency of three fluorescent
dyes to locate touch DNA on the IED substrates. We then developed a
direct PCR protocol to improve quality of STR profile obtained from the
stained samples.

2. Materials and methods

Ten pieces each of two IED substrates — PVC pipes and electrical
tapes — were cleaned of exogenous DNA before being touched by 10
volunteers. Three fluorescent dyes including Diamond™ Nucleic Acid
Dye (Promega, U.S.A.), EvaGreen™ Fluorescent DNA Stain (Biotium,
U.S.A.) and SYBR® Safe DNA Gel Stain (Invitrogen, U.S.A.) were opti-

mized by evaluating different concentrations suitable for visualization
of touch DNA on those substrates. The dyes were sprayed on the pre-
pared substrates and visualized under an alternative light source
(Polilight PL500) using the appropriate excitation wavelengths and
filter glasses. Then, the fluorescing stains were collected using EO
cotton swab (Thai Gauze, Thailand) and amplified using our developed
direct PCR protocol. STR amplification was performed using Identifiler
Plus (Thermo Fisher, U.S.A). STR products were separated and detected
using ABI310 (Thermo Fisher, U.S.A.).

3. Results and discussion
3.1. The comparison of fluorescent dyes for touch DNA visualization

Fig. 1 shows the use of three fluorescent dyes for staining touch
DNA on PVC pipes and electrical tapes (N = 10 per dye per substrate).
The lowest dilution in which Diamond Dye could be distinguishable
from background in both substrates’ replicates was 1:7000 in DNA-free
water. The lowest dilution for SYBR Safe to fluoresce consistently and
distinguishably was at 1:700 and for Evagreen this was 1:100. This

* Corresponding author at: 15 Karnjanavanich Road, Department of Applied Science, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla 90110, Thailand.
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Fluorescent dye

Electrical tape

Diamond™ Nucleic Acid Dye

SYBR® Safe DNA Gel stain

EvaGreen™ Fluorescent DNA Stain

Fig. 1. Photos (1 x magnification) of the stained touch DNA on PVC pipes and electrical tapes using three fluorescent dyes (N = 10 per substrate per dye).

difference could be due to the difference in DNA binding mechanism,
stock concentration, and proprietary properties of each dye. Hence, we
selected Diamond Dye as a touch DNA visualization reagent. Back-
ground fluorescence mentioned in a previous study [2] due to bacterial
DNA was also seen in this study.

3.2. Direct PCR of stained samples

The stained touch DNA produced high and low partial DNA profiles
in all replicates (Fig. 2). Since the donors’ STR profiles were known, the
typed alleles could be classified as correctly typed alleles and non-donor
alleles that could have resulted from secondary transfer. The profiles
showed patterns associated with PCR inhibition, suggesting that Dia-
mond Dye might have detrimental effects on the PCR process. De-
gradation of DNA was ruled out as the time between touch DNA de-
position and profiling was only 24 h. Improvements to the preparation
of the dyes or the collection process could increase the number of alleles
obtained.

e6ll

4. Conclusions

We successfully developed a DNA detection reagent to visualize
touch DNA on IED substrates and could produce STR profiles by using
direct PCR technique simultaneously. Localization of touch DNA on IED
substrates could save time and budget for forensic scientists and has
great potential. Further adjustments to improve the quality of STR
profiles obtained and further investigations into the stability of the
dyes, the mechanism of binding, the interference of dyes to PCR am-
plifications, and applications to real casework samples still need to be
performed.
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Fig. 2. The average number of alleles obtained and two representative STR profiles obtained with direct PCR protocol from stained touch DNA are shown.
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